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SUMMARY

Thecalibrationsof fourairspeedsystemsinstalledina North
AmericanF-86Aairplanehavebeendeterminedh flightatlkchnumbers
upto1.04bytheNACAradar-phototheodolite method.Thevariationof
thestatic-pressureerrorperunitindicatedimpactpressureispresented
forthreesystemstypicslofthosecurrentlyinuseinflightresearch,
a noseboomandtwodifferentwing-tipbooms,andforthestandardservice
systeminstalledintheairplane.A limitedamountof informationonthe
effectofairplanenormal-forcecoefficientonthestatic-pressureerror
isincluded.Theresultsarecomparedwithavailabletheoryandwith
resultsfromwind-tunneltestsoftheairspeedheadsslope.

Ofthesystemsinvestigated,a nose-boominstallation“wasfoundto
bemostsuitableforresearchuseatt~sonic andlowsupersonicspeeds
becauseitprovidedthegreatestsensitivityoftheindicatedMachnumber
toa unitchangeintrueMachnumberatveryhi~ subsonicspeeds,and
becauseitwasleastsensitiveto changesinairplanenormd.-forcecoef-
ficient.Thestatic-press~eerrorofthe
constantabovea Machnumberof1.03after
shockwaveoveztheairspeedhead.

INTRODUCTION

AccuratedeterminationofMachnumber

nose-boomsystemwassmalland
passageofthefuselagebow

isfundamentaltoanydetailed
flightresearch,andisofparticularimportanceinthetranso~cspeed
rangewheremanyoftheaerodynamicparametersvarymarkedlywithMach
number. Inorderto pursueextensiveresearchinthisspeedrange,using
a NorthAmericanF-86Aairplaneasa testvehicle,itwasnecessarythat
a suitableairspeedsystembe determined.Ihaddition,itwasdesired

%upersedesrecentlydeclassifiedNACARM A50H24byJimRogers
Thompson,RichardS.Bray,andGeorgeE. Cooper,1950.
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to supplementthemeagerfundof informationnowavailabletothedesigner
onthecharacteristicsofvariousairspeed@tallationsattransonic
speeds.

Withtheforegoingobjectivestitid, fourindependentairspeed
systems,oneserriceandthreeresearchinddlationstypical.ofthose
usedathighmibsonicspeeds,wereevaluatedatMachnumbersupto1.04
bytheNACAradar-phototheodolitemethodofreference1. Theresults
havebeensupplementedwithdatafromcalibrationsatMachnumbersupto
0.89obtainedby flyingpasta referencelandmark.Thistechniqueis
describedinreference2. Alsopresentedaretheresultsofwind-tunnel
tedtsoftheairspeedheadsusedinthereseerchinstallations.These
testswereconductedintheAmes16-foothigh-speedwindtunnelandthe
Ames6-by 6-footsupersonicwindtunnel.

Theradar-phototheodolitecalibrationswereperformedjointlyby
personneloftheAmesAeronauticalLaboratoryandtheHigh-SpeedFlight
StationoftheNACA.
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themtio ofthenetaerodynamicforcealongtheairplaneZ
axis(positivewhendirectedupward,as innormallevel.flight)
totheweightoftheairplane

r)Azairplemenormal-forcecoefficient—qs
Machnumber

indicatedI&& number

gasconstant,1~6 foot-poundsperpoundperOR

ambienttemperature,OR

airspeed,feetpersecond

weightofairplane,pounds

accelem.tiondueto gravity,32.2 feetpersecondsquared

geometricaltitudefromsealevel,yards

free-streamstaticpresswe,mi12imet~sofmercury
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staticpressure
ofmercury

static-pressure

staticpressure
ofmercury

3

hiicatedbypitot+taticinstKl&tim,millimeters

error(p~~),

correspcmding

millimetersofmercury

toI?ACAstandardatmosphere,til.1.imeters

free-streamtotalpressureforsubsonicflowandtotal~ressurebehind
normalshockfor-supersonicflow,millimetersofmercury

-c pressure
()
1 72
~P ~ poundspersquarefoot

indicatedimpactpressure(pt=p~),millhetersofmercury

densityofair,slugspercubicfoot

lagconstant,seconds

EQuImmi’r

Airspeed System

Theairplaneusedh thetivestigation(NorthAmericanF-86A+Air
ForceNo.48+?91)wasequippedwiththreeresearchairspeedtistallations,
a noseboomandtwowing-tipboas, h additimto thestandardservice
system.KolhmanTypeI&l(BuAerE@ec.No.S&l~) airspeedheadswere
mountedonthenoseandleftwing-tipboomsendanNACAfree-swiveling
airspeedheadwasmcnmtedontherightwfng-tiphoc% Pertinentdtmensims
of thetestairplanearepresautedh tableI anda two+iewdrawingofthe
airplaneshowingallfourairspeedsystamsispresmtedasfigure1. Photo-
graphsoftheinstallationsarepresentedasfigure2 anddrawingsof the
headsarepresentedinfigure3.

In orderto~ze theeffectsofthepressurefieldabouttheair-
phe uponthestatic+ressuremeasurements,thestaticorificesofthe
researchairspeedinstallatiaaswerelocatedwellforwardoftheairplane
structure.Thestaticorificesof thenose-boominstallationwerelocated
aheadof theairplenenosea distanceof1.8timestheeffectivemaxbnum
diameterof thefuselage.(’l!Msdiameteris definedas thatofa circle
havhg thesameareaas thefuselagecrosssection,includingtheareaof
theduct.) On theleftandrightwing-tipboomsthestaticorificeswere
located1.5tip+hordlengthsand1.1tip+hordlengthsaheadof the
respectiveleadingedges.Thetwoflushstiticorificesof theservice
airspeed.systemwerelocatedon oppositesidesofthelowerquadrantof

—.——— .._. — —.— — — . .. —— —___ — .-
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thefuselageaheadofthewingroot. (Seefig.1.) Totalpressure for o
theservicesystemwassuppliedby a tdal~ead tubelocatedin theangtie
airinlet.Sincetheimpactpressure(andthereforethetotalhead)was ,
notmeasuredfortheswivelingairspeedhead,total~eadmeaswemants
fromthenose+oatnsystemwereusedto determinethecalibratimofthis
8y8tem.

FlightInstruments

Standardtwo-cellNACApressurerecorderswereusedtomeasurethe
pressuresin eachoftheairspeedsystms. Theabsolutestaticyressure
in eachsystemwasmeasuredby a sensitiveaneroidcell,andthedifference
betweenstaticpressureandtotalhead(theImpactpressureqc?)was~as-
uredby a differentialpressurecell. W additimto thepresstmerecorders,
a normalaccelerationrecorderwasprovidedsothattheairplanenormal-
forcecoefficimtcouldbe derived.Therecordingtistrummtsweresyn–
chronizedat l/l&secondintervalsbymesnsofa camnontimtngcircuit.

.
Fortheresearchairspeedsystems,thepressureorificeswereconnected

to theindividualcellsthrough3/16-inchtiternaldiameterlinesabout12
feetlongb thecaseof thenoseboom,andabout30feetlonginthecase -
ofthe*g booms.TheQ in thestaticsideofthesystamwasmeasured
forthelef~boom systemby themethodofreference2, andtheequiv-
alentsea-levelthe lag(~) wasfoundtobe oftheorderof0.03secand.
Thelagoftheright+iq+boomsystemmaybe presunedtobe ofthesane
order,as thelinesareofalmostidenticallength,andthatofthenose
boommaybe presumedtobe smallerthenthatofthewingboa. me service
systemsuppliesthepilot’sindicatorsaswellas therecorder,andthe
volumeoftheseinstrumentsismanyt-s greaterthanthatoftheresearch
instruments. However,thehes oftheservicesystanareveryshort.The
lagfora similarsystemiscomputedinreference2 tobe oftheorderof
0.02second.No correctimsforlagwerea~plied.

Free+irtemperaturewasobtainedinflightking ‘theserviceinstal–
lationwhichemployeda Westm Type21flush-typeresistancebulblocated
nearthestarboardstaticorificeoftheserviceairspeedsystem.Data
werenotedby thepilot.Theadia%aticcmfl+xmtafthesystemwasdete~
tied by flightmeasurementsthrougha widerangeoflkchnu?ibers.

Track@ Station

Thegroundtrackhgstation‘wasequippedwithan SCR+8kradarmodified]
forlong+angeoperation,enM+?opticaltrackinghead,a GermanAskenia
phototheodolite,ad a VHFradioconmmnicationsYst@L m oPerati~~the
airplanewastrackedopticallybyboththeAskaniasndtheH, thel&2
pointingtheradarunitat theairplanethrougha servosystem.Thedata



wererecordedat thegroundstitionby twocameraswhichwereoperated
ata rateoftwoexposuresper seoond. Cheofthecameras,an integral
partoftheAskaniaphototheodolite,photographeddirectreadingscales
givingtheazimuthandelevationangles.Thiscameraalsophotogmphed
theairphneagainstreferenceorosshairstoprovidecorrecticmstothe
azimuthandelevationsinglesh thecaseswheretheairplzmewasnot
centeredh tiecrosshatis.Theothercameraphotographedtheradar
rangescopegivingthedistancefromtheradarstationtotheairplane.
ThetimeatwhicheachfzaneofeachmmerawastakenandtheflQht-
instrumentsynchronizationsigualstransmittedbyradiofromth6airplane
wererecordedagainsta continuoustimebase. Theairplanewasequipped
withradaxbeaconsonboththeupperandlowersurfaceofthefuselage
sothattheusablerangeoftheradarcouldbe extaded.

METHOD

Ih accordancewithnormalpractice,itwasassmedthatno 6rror
existedintheindicatedtotalpressure(obtainedby addbg indicated
staticandimpactpressures) throughthereageofMachnmibersandflow
anglesencounteredh thisinvestigation.Thecalibrationwas,therefore,
limitedtodetennhingtheerrorintheindicatedstaticpressure.The
ffighttechniqueusedwasessentiallythesameas thatdescribedinref-
erence1. Theservicesystem,nose+oom,andleft+ing-boasystemswere
firstcalibratedfrcm0.30to 0.89Mch numberat sealevelby themethod
describedinreference2 offlylngpasta referencelandmark(referred
tohereafteras the“fly-by”calibration).

Thev&iationofambientpressurewithgeometricaltitudeh the
altituderangetobe comredby thehigh-speedrunswasesteb~shedby a
pressuresurvey.Static=pressurerecordsweretakenat altitudeinter-
valsofabout1,000feetdurbg thecl~ ofthetestairplane at speeds
tithintherangecoveredby thefly+y calibration.By useofa the
synchronizationsystem,staticpressuresweredeterminedat timehstants
correspondingtothoseoftwoAslmniaframesfromeachrecord.TheMach
numberandthestaticpressurewerecomputedfra theairplanerecords
throughuseofthefly+y calibration.Thecorrespondinggeometric
altitudewascomputedfromthebasicquantitiesmeasuredat theground
stationwithcorrectionsbeingapplledfa thefollowingitems:

1. E1.evatimanglescalezero,levelerror,trackingerror,and
refractioncorrection

2. R~e scalezero,beacondelay,and
horizon= distancebetweenradsr

3. Earthcurvaturecorrection

rangeparalhx
andAskania)

(dueto

.

.- — —-.——— — ..— -. .—_
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Valuesofambientpressureobtainedtiomthenose-andwing-boom
systemswereplotteda&nst thecorrespondinggeometricaltitudedeter-
minedbytheforegoingprocedure.‘An additionalguidetothefairingof
thesedatawasobtained&om theknownrelationofincrementalaltitude
to incrementalpressurewhenthetaperatureandpressureareIsno}m. Tem-
peraturedatawereobtainedat eachsurveypoint.An altitude-pressure
relationshipwasthencomputedfromthebasicrelation

usingtheapproximateform

hz
()

- h= =K ; (p=- pa)

whereh2 - h= isthechangeinaltitudecorrespondingtoa pressure
changePI - p2,and K isa constantdepentigontheunitsofthevar-
iousquantities.Flcesswreincrementsof20millimetersofmercurywere
usedinthesecomputations.Theresultingaltitude-pressurecurvewas
thencomparedwiththatdeterminedbythepresslmesurvey.A typical.
surveyobtainedwiththenose-boomsystemandtheassociatedtemperature
fatiingisshowninfigure4 asthevariationwithgeometricaltitudeof
thedifferencebetweenambientpressureas determinedinthesurveyand
ambientpressureatthesamealtitudeforstandardconditions.

Duringthehigh-speedruns,thegeometricaltitudewasdeterminedat
l-secondintervalsbythesameprocedureusedforthesurvey.Theambient
pressurescorrespondingtothesealtitudeswereobtainedfromtheresults
ofthepresswesurveymadeduringtheclimb.A timehistoryofambient
pressurewasthencomparedwithlximehistoriesofthestaticpressure
indicatedby eachoftheairspeedsystems.me pressureerrorwasdeter-
minedforeachsystemfromthetimehistoryandreducedtonondimensional
formby divisionbytheindicatedimpactpressure%1 . Trueandindicated
Machnumberswerecomputedfromtotalpressureandtheappropriatevalue
ofstaticpressure.

The
to be of
altitude

ACCURACY

FlightMeasurements

maximumprobableuncertaintyinpressuremeasurementsiEestimated
theorderofQ millimetersofmercuryundertheconditionsof
andtemperatureexperiencedinthisinvestigation. .
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Takes offree-airtemperatureob~inedfromthe
h we airplaneareestimatedtohavebeendetezmlned

indicatingsystem
witha precisianof

*5” F.

GeometricAltitudeMeasurements

Thebasicquantitiesenteringtitothecomputiticmofthegeometric
altitudearetherangeendelevationangles.Ih thisinvestigation,data
wereobtainedat elevaticmanglesbetwea15°and55°andrsngesbetwem
14,000and38,000yards,althoughthegreatmaJorityofthedatawere
obtainedatrangesbetween20,000and25,000yardsat elevationangles
near300. Examinationoftimehistoriesofthetndicatedradarrangefor
eachrunindicatedthatthemmdmum scatterofover90 percentofthe
pointsfroma smoothfairingwasabout*15yardswhichcorrespondstoa
precisioninmeasurementofgeometiicaltitudeof * 4 yardsand *12yards,
respectively,fortheextremesofelevationangle.mcouutered.Theprobable
=cert.aintyh an elevationanglemeasuredwithanAskaniaphototheodolite
Isgivenbyreference3 as * 1 minute, which,fortheerbremeconditions
encountered,amountstofrom3 to10yardsingeometricaltitude.Itis
thereforeestimatedthattheprobableuncertaintyingeometricaltitude
duringthehigh+peedtestrunsisoftheorderof *10 yards.Thisvalue
ofaltitudemcertaintycorrespondstopressureuncertaintiesof * 0.25
and* 0.16mm Hgataltitudesof 35,000 and45,000feet,respectively.It
isamarentthattheresultinguncertaintyintruestaticpressurefrom
the
the

and

~&metricaltitudemeasurats isc&siderablylessthanthatdueto
pressureinstruments.

SumaryofAccuracy

EiIncetheerrorsinmeasuremententerintoboththepressuresurvey
theactualcalibraticmflight,theindividualerrorsmustbe addedto

establishthemaximumpossible-ez&orinthefinalresult.Thiswouldgive
a valueforthemcertAntyin 4 of *4.5m @. It isreasonableto
assme,however,thattheprobableuncertaintyh. 4 isoftheorderof
*2mm Hg. Thefolkwingtablesummarizestheresultantuncertaintiesin
~~:;atlmandMachnumberat theconditionsofthera~hototheodolite

:

Machnumber,M 0.75 0.85 0.95 1.04

Averageimpactpressure,
60 100 160 1.80

9C*>mm%

Probableuncertaintyin
&/qc‘ *().()3*o.02 +Oool *0.01

Probableuncertaintyin M +00.15 *0.012 *C).C)09 +0.009

—.. ——. .-— -—— ——— ——-—. — —.—.----———-—.—-—— ——
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RESULTS

TypicaltimehistoriesofMachnumberM, airplanenorm&L-forcecoef-
ficientCN,ambientpressureP) fidicateds~ticpress~e P’ foreach
system,andstatic-pressureerrorperunitindicatedimpactpressure
~P/qc‘ foreachsystemarepresentedinfigure5 forbotha high-speed
run(fig.5(a))anda puXL-up(fig.~(b)).Thesetimehistories~ustrate
themagnitudeofthepressureerrorsaswellasthevariationofpertinent
quantitiesduringtransitionthroughthespeedof soundandduringan
abruptpull-up.

Theresultsobtainedforeachsystemaresummarizedinfigure6 as
theVariationwithlkchnumberof Ap/~’. Whereavailable,fly-bydata
areuseduptoa Machnumberof0.89becauseofthereducedaccuracyof
the=dar-calibrationdataatlowerMachnumbers.Sincetheright-w@-
boomsystemwasnotincludedinthefly-bycalibrations,radar-calibration
dataaresho~mforthelowerhkchmmbers(fig.6(c)).Figure7 presents
thevariationwithnormal-forcecoefficientof Ap/~’ forseveral.ranges
ofMachnumber.It iB evidentfromexandnationoffigure6 thatthe
apparentlyrandomscatteroftheexperimentaldataisthesameorderas
estimatedinthesectionACCURACY.

DISCUSSION

NoseBoom

Theexperimentaldataobtainedwiththenose-boomairspeedsystem
usinga fixedpitot-statichead(fig.2(b))arepresentedinfigures6(a)
andT(a).

EffectsofMachnumber.-Theresultsshowninfigure6(a)indicate
thatthevalueof Ap/~’ remainsconstantata valueof0.02~up toa
l&chnumberof0.95.As showninthefigure,thisvalueisinagreement
withthatobtainedinthesea-levdfly-bycalibration,whichextendsto
a ~ch numberof0.89.Abovea Machnumberof0.95theerrorincreases
almostltiearlyto 0.065ata Machnumberof1.02.Thisrapidincrease
isapparentlyduetotheeffectofcompressibilityuponthestaticpres-
surefieldaheadofthefuselage.BetweenMachnumbers1.02and1.04
thevalueof Ap/~’ is-0.008.Theabruptdecreaseinerrorwhich
occurswithpassageofthefuselagebowwaveoverthestaticorifices
ontheairspeedheadisillustrat~by a typicalinstrumentrecordin
figure8,aswellasthetimehistoryinfi~e 5(a).~this casethe
abruptdropoccurredata Machnumberof1.028,andthebowwaveremained
behi&lthe-orificesforabout10
oppositedirectionwhen.th.eMach
runinwhicha speedhighenough

seconds,pass& theorificesinthe
numberfelloffto1.015.titheother
forthebowwaveto passtheorifices

. . — . .
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wasattained,thepassageoccurred
againoccurredata Jkchnmiberof

at a Ikchnmiber
1.015.Although

9

of1.022.andthereturn
theMachnmibersquoted

fortheinitialandreturnshockpassagedifferby an amounttithh the
limitsofaccuracyofmch numberdeterminationandarethereforenotnet.
essarilysignificant,thepossibleexistauceofa hysteresiseffectshould
notbe ignoredh futureresearch.It isof interesttonotetifigure8
thattherespmseofthetistrummtrecordingstaticpressuretopassage
oftheshockoverthestaticorificescorrespaudsb slmpetotheexpected
responsetoa“stepchangeinpressure.Thechangeof0.075h ZQ/qcr
withshockpassageisin satisfactoryagreementwiththetheoreticalpres-
suredropof0.066acrossa normalshockwaveata Machnuuiberof1.025.

Thefairingofthedatagiveninfigure6(a)isreproducedinfigure9
whereitiscomparedtithwind-tunnelmeasuraumtsofthestatic~ressure
errorofKol.lsmanI&ltypeairspeedheads.Thewind-tunneldataforMch
numbersbelow0.85wereobtainedti theAmes16+foothigh+peedtunneland
showa constantstatic-pressweerrorfortheairspeedheadaloneofabout
0.006Ap/qc~.Theclifferenoeofapproximately0.02 @/qc? betweenthe
experimentalvaluesfortheerrorofthenose+oomsystemontheairplane
andtheerrorof theheadalonemaybe consideredtobe a measureofthe
subsonicstatic-pressurefieldof theairplaneat thenose+oomorifices.
Thiscomparesfavomblywiththeoryaspresentedinfigure10(a)ofref-
erence4. Forthiscompariscm,theMoot noseboomwasconsideredtobe
mountedona bodyofrevolutionhavinga maxi.mumdiameterof5.5feetat
a distanceof9 feetaftofthenoseof thebody. An exlzapolationcd?the
curveh refer~ce4 givesa valueofabout0.02for @/qct.

TheAmes6-by &oot supersonicwind-tunneldatatndicatethat @/qct
fortheisolatedheadandboomvariesfrm 0.00hat a lkchnuder of1.13to
0.0005at a Machnuuiberof1.6o. If it isassmedthatfl&@t datawould
continueto showa valueof @/q c‘ of+.007 atlhchnumbersabovel.Ok,
theagreementwiththewind-tunneldataata Machnwiberof1.13wouldbe
withintheaccuracyof themeasurements.

Mf ectsofnormal<orcecoefficient.-It is evidsntfromfigure7(a)
thattheeffectofairplanenormal<orcecoefficienton @/q Cr for~
nose+oomsystemisnegligiblefortherangeofvariablesinvestigated:
airplanenormal<orcecoefficientsfrom0.05to0.80atMachnumbersbetween
0.75and0.95endfrom0.06to 0.27atMachnmibersbetween0.95andl.@.
Thislackof effectisevidentalsoh thetimehistoryofan abruptpuJl-
up (fig.5(b)).

Lef-&Wing+oomsystem

.
Resultsfortheairspeedsystemconsistingofa fixedheadmouuted1.5

tip+hordlengthsaheadof theleftwingtipareshowninfigures6(b)and
7(b).

—--- —.— -._ .-— ..___ ._ ..._ _____ .— —.— —.— —
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EPfectsofI@chn@ber.–Figure6(b)revealsthat Ap/qc?decreases -
steadilyfromshout0.004ata Machnmiberof0.75to-0.007ata Machnum-
berof0.91.Asthemibeonicwind-tuoneldatafortheair~eedhead,pre-
sentedinfigure9, showa small,ccmstant,positiveerrorat thesespeeds,
thedecreaseispresumedtobe duetothechangein thepressurefieldof
tiewingaccompanyingthechangesin speed,andliftcoefficient.Abovea
Machnwiberof0.91,@/qc’ increasesatanincreastigrate,reachtiga
valueofabout0.06neara Machnuder of1.02andthendecreasesrapidly
to 0.03near M=l.04,thehighesttestMachnuiber.It shouldbenoted
thattheincreaseh errorwhichoccursasthespeedofsoundisa~yroached
ammntstoabout0.07 @/qcf fora Machnumberchangefrom0.91to1.02.
Thischangeisabouttwicethatshowntooccurforthenose+oomsystemin
figure6(a).

Effectsofnormal-forcecoefficient.–I&cmfigure7(b)itisapparent
that,forMachnunibersbetweenO.75and0.95,Ap/~c increaseswithan
increaseinairplanenormal-forcecoefficient,a chngeinnormal-force
coefficientfrom0.10to0.70causinganincreasein Ap/qcYofabout
0.04.Thedatapresentedareconsideredinadequatetoshowa consistent
effectofnorml-forcecoefficientatMachnumbersgreaterthan0.95. .

Right#ing%oomSystem

Thethirdresearcktypesystemconsistedofan NACAfull-swiveling
airspeedheadmountedona bocm1.1ti~hord lengbhsaheadoftheright
wingtip. Resultsofa ca~brationofthisinstallationareshownin
figures6(c)and7(c).

EffectsofIhchnuniber.–Figure6(c) showsthat Ap/qctremainsat
a relativelysmallpositivevalueupto a Machnumberof0.90,increases
rapidlyfromabout0.023to over0.12neara Wch nmiberof1.02,and
thendecreasesto about0.10ata Machnumberof1.04.Thevariationof
Ap/qct withMachnudermeasuredfortheright+dng-boomsystemissimi-
lartothatmeasmedforthe10ft+chg+oomsystem,theonlysignificant
dtPferencesbeingthelevelatsubsonicspeedsandthemorerapidincrease
inerrorasthespeedofsoundisapproachedfortheright+dn&boom
system.Thedifferentlevelatmibsonics~edsresultsfromtherelatively
largeeffectoftheMICAswivelingatispeedheadonthelocalstatic-
pressurefield.Thelargeincreasein &/qct asthespeedofsoundis
approachedprobablyresultsbothfromthelargereffectoftheheadand
theincreaseintheeffectofthewingduetotheshorterboomlength,one
ti~chordcomparedto oneandone+hdftipchords.

Theresultsfortheright+dng+oomsystemarecmparedwithwe
wind-tunneldatafortheswtvelingairsyeedheadinfigure10. Thesub-
sonicresultsfromtheAmesI&oot high-speedwindtunnelshowthat
@/!&~ fortiei$o~tidair$peedheadisabout0.01ata Machnumberof
0.3andincreasestoabout0.02ataMachnmiberof0.85.
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TheAmes6-by 6+?ootsupersonicwind-tunneltestsindicatean almost
constanterrorforthebocmandairspeedheadof-0.010Ap/qc8 from1.20
to1.6oMachnumber.No supersonicflight-testdatacomparableto that
obtainedon thenoseboomareavailablesincethisheadwasevidmtly
situatedwithinthefieldofinfluenceoftheairplaneshockwaves.

~fecteofnormal<orcecoefficj.ent – Theeffectsof theairplane
normal<orcecoefficienton &?/qc: for“theright+ing+oomsystemare
shownforMachnumbersbetween0.75and1.05h figure7(c).No effectis
apparentatnormal<o~ecoefficientsbelowO.55;abovethisvaluea slight
increasein Ap/qcTtithincreasingnormal+?orcecoefficientis tidicated.
Sincethematiumangleoffreetraveloftheswivelingheadwasabout
k 300,IM.S resdt was evidentlynotan effectof inclinati~ofthehead.
Thedatapresentedareagaticonsideredhadequateto detezminetheeffect
ofchangesh normalforceon @/qct at

ServiceAirspeed

I&chnunibersabove0.90.

system

Theservicesystememployeda total+headtubelocatedintienose
inletandflushstatic~ressureorificesoneithersideofthelowerfuse-
lageforwardofthetig root.

EffectsofJ@h number.—~ta forthissystaas showninfigure6(d)
inticatethat @/qCt isnegativethroughouttheMachnmher range.An
abruptchangein theerrorfroma valueof-0.015to-0.06appearsnear
a Machnumberof 0.98.It isevidentthatthissuddenchengeisnotS*
ilarto thatfomd onthenoseboom. Recordedpressuresin thisspeed
rangewereerratic,andshowedno well-definedtiscontintitysuchaswas
seenwiththenose+ocrosystem(fig.5). It is surmisedthata bowwave
ofthewingrootexistsinthelocalsupersonicflowfieldof thebody,
endthatpassageofthisshockwaveoverthestaticorificesisrespmsible
fortheerraticnatureof therecordedpressures.Asymmetryofthebow
wavesoneachsideduetovariationof yawanglemightresultinthemul–
tiplicityofvaluesobtainedin thisregion.

lM’fectsofnormal-forcecoefficient.-It is evidentfromfigure7(d)
thatlargechangesin static~ressureerroraccompanyincreasesinnormal–
forcecoefficientfrom0.30to 0.70.As a result,theindicationofa
l.hchmeterconnectedto theservicesystemwouldchangefromabout0.93to
about0.85duringa pull-upat a constantMachnumberof0.90. Thedata
offigure7(d)indicatethatatMachnumbersabove0.95,largechanges
occurevenwithinthesmallrangeofnormal+?orcecoefficientsinvesti–
gated.Thedifferenceinnormal-forcecoefficientsatwhichthefly+y
andradarcalibrationsweremademayaccountforthediscrepancybetween
valuesof Ap/qc’ata Mch numberof0.89as showninfigure6(d).

—— —.. ——— —___ ——
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ComparisonofAllSystems

The res’bitsof all. fourairspedsystemsarecomperedinfigure11
whichshowsthemriationof indicatedWch nwiberwithtrueMachnumber.
Theresultsarealsoplottedinfigure12 asthevariationwithindicated
Wch numberof Q/qct.

Inflightssubsequentto theradez-phototheodolitecalibration,indi-
catedMachnumbersashighas1.09havebeenrecordedwiththenose+oom
airspeedsystem.Fromtlmseflights,“calibrationsofthewing-tipsystems
betweentruel&chnumbersof1.04emd1.08werederivedassumingthatan
extrapole.tionofthecslibrationofthenose+oomsystemremainsconstant
at a Ap/~r of+.007. Theresultingextrapolateionsofthecalibration
curvesareincludedh figuresIl.and12.

Thesesummarycalibrationcurvesillustrateoneveryuadesiratle
resultoftheincreasesin static~ressureerrorathighsuhsonicspeeds
tiscussedpreviously.Particularlyinthecaseoftheright-wingboom
it is seenthattheticreaseh stitic~ressureerrorwouldredme the .
responseoftheMachnumbertidicatortochangesh trueMachnumber.TM s
reductionin sensitivitymaybe sufficienttomakethetrueMachnumler
indetermhatewiththeusualorderofcalibrationaccuracy.It isevident,
liherefore,thattheusefulnessandtieaccuracyofanairspeedsystemat
tmansonicspeedsarede~andentwon thesensitivityoftheindicatedMach
mmibertoa unitchangeh thetrueMachnuiber,thatis,theslope
m t/m.

MirdmumvaluesofthesensitivityareaboutO.5forthenoseboom,
0.2forbothwingbooms,and0.4fortheservicesystem.It isapyarent
frmnfigureIl.thattheregionofreducedsensitivityis mall forboth
thenose+oomandtheleft+wtng+ocmsystems.However,theregiauof
reducedsensitivityfortherigh~oom systemextendsfrom0.92to
1.02mch number.Thesensitivityoftheservicesystemdoesnotreach
lowvalueswherethecal.ibratimcurveiswell-defined;however,thspres-
ente oftheregionabouta Machnuniberof0.98wherethecalibrationis
uncertainwouldmakethesystemof doubtfulvalueforsomeapplications.

It isconsidered,therefore,thatthenose+oomsystemwouldbe the
mostsuitableofthefoursystemsinvestigatedforuseInflightresearch
usingthisora similartypeairphe. Ih thepresentcase,the“uncer-
taintyh determinationof trueMachnwiberbetweenMachnumbersof 0.97
and1.02istwicethatpresemtatWch nmibershmnediatelyaboveend.below
thisrange.

CONCLUSCCEW

Thecalibrationsoffourinde&ndentairspeedsystemsinstalledina
NorthAmericanF-86A+airphe havebeendetemninedinflightatMach



mm m 3526 13

.

numbersup to1.04by theNACAradar-phototheodolitemethod.Inaddition
totheserviceinstallation,a nose-boomsystemandtwowing-tip-boom
systemswereinvestigated.Eval.wtionoftheresultsobtainedandcom-
parisonwithfly-bycalibrationsandwind-tunneltestsoftheairspeed
headshaveledtothefollowingconclusions:

1. Thenose-boomsystemis consideredtobethemostsuitableof
thefoursystemsinvestigatedforthedeterminationofMachnumberin
flightusingthisor similarairplanesbecauseitprovidedthe~eatest
sensitivityoftheindicatedlkchnumberto changesintrueMachnumber
athighsubsonicspeeds,andbecauseitwastheleastsensitivetoair-
planenormal-forcecoefficient.

2. Minimumvaluesofthesensitivityof eachairspeedsystem,
expressedasthechangeinindicatedWch numberperunitchangeintrue
Machnumber,wereabout0.5forthenose-boomsystems,0.2forbothwing-
boomsystems,andabout0.4fortheserviceairspeedsystem.A region
waspresenth theserviceairspeed.systemabouta Machnumberof0.98
wherethereappearedtobeno consistentrelationbetweenthetrueMach
numberandtheindicatedMachnumber.

3. Changesintheairplanenormal-forcecoefficienthadnoapparent
effectonthenose-boomsystemandonlytier effectsonthewing-boom
Systms. Theserviceairspeedsystem,however,showeda largeincrease
instatic-pressureerrorwithincreaseinnormal-forcecoefficient.
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NationalAdvisoryCommittee

MoffettField,Calif.,
forAeronautics
Aug.24,1950
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TABLEI.–~ DIMENSUINSOFTlR31!AIRPUNX

mlg

Totalwingarea. . . . . . . . . . . . . . . . . . . . 287.9eqft
Spal 37.1ft
Aspect”titio::ll:-l::l ::::::::::::: 4.79
Taperratio. . . . . . . . . . . . . . . . . . . . . . 0.51
Meanaerodynemicchord. . . . . . . . . . . . . . . . 97.03h.
Dihedralangle.. . . . . . . . . . . . . . . . . . . . 0
Sweepbackof0.2fihordline.. . . . . . . . . . . . . 35&
Sweepbackofleadhgedge. . . . . . . . . . . . . . . 37%4’
AeroiQnamicandgeometrictwist(washout). . . . . . . 2*00
Rootairfoilsection(normalto0.25-
chordtie) . . . . . . . . . . . . . . . . . . . . .NACAOO12~

(modified)
Tipairfoilsection(normalto 0.25-
chordline). . . . . . . . . . . . . . . . . . . . .NACAOOll-64

(modified)
Rootchord(wlng%uselagetitersection) 10.3ft
Tipchord. . . . . . . . . . . . . . . . . . . . . . . . 5.1ft

‘usekage

Length . . . . . . . . . . . . . . . . . . . . . . . . 34.0ft
Width(wingroots).. . . . . . . . . . . . . . . . . . p.oft

kmviceairspeedsystem

staticorifices(fusehgestation82,
.

water~e 32.6)
Distanceaheadofwingleadingedge
atroot . . . . . . . . . . . . . . . . . . . . . 29.5in.

Distance’belowcanopybase. . . . . . . . . . . . . 50.>ill.
Total-headtube(insideductatfuselage
station19.4)
Distanceofpressuresourcebelow
upperductstiace.. . . . . . . . . . . . . . . 2–15/tih.

.

.

——— —..—
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(b) Nose bocm.

Wxe 2.- Continued.
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